The disposal of the excessive volume of degraded water coming from agricultural drainage systems is a serious environmental and economic issue, since a significant load of agrochemicals and salts contaminates water bodies downstream. An integrated on-farm drainage management (IFDM) system is an effective method of treatment by successively irrigating zones with drainage water.
INTRODUCTION
The management of drainage water is a major environmental problem where it is the leachate of agrochemicals and salts that are accumulated in the topsoil of agricultural land. Land which has a high water table produces a large volume of drainage effluents, which is itself a major management problem (Westcot ) . These areas are constantly under the risk of waterlogging and soil degradation, due to the accumulation of salts in the soil profile (Ghorbani et al. ; Farid et al. ) .
The quantitative and qualitative characteristics of drainage water are different, depending on many factors including the method of application, the volume and frequency of the applied irrigation water, the drainage network, the soil properties and the quality of applied water (Rahman et al. ) . In general it appears degraded, with a high concentration of soluble salts and a significant load of nitrate and phosphate ions (Alexakis et al. ) . The disposal of this water to a natural watercourse, a lake or a marine ecosystem, contributes to the pollution of the downstream water body.
The integrated on-farm drainage management (IFDM) system was developed in order to confront the disposal of excessive volumes of drainage water that cause salinity and waterlogging problems (Cervinka et al. ) . In its most sophisticated form, the system was developed in the San Joaquin Valley of California in the late 1980s (CSWRCB ), where the dissemination of the general guides and restrictions of the system was part of a large scale water management program. An IFDM system manages irrigation water on salt sensitive, high value crops and sequentially reuses drainage water to irrigate salt-tolerant crops, trees and halophyte plants with increasing tolerance to salinity. A solar evaporator receives the final volume of drainage water; this water evaporates and salt crystallizes. Reservoirs are also used in order to control the imbalance in the supply and demand of water during the irrigation period. The design of these reservoirs along with the evaporation pond is important for calculating the cost of the overall IFDM project, as they affect both the manufacturing cost and the opportunity cost of land occupation.
From the above, it is shown that the application of an IFDM system is environmentally beneficial. From the economic aspect, the sustainability of the system is challenged by the fact that agricultural land is occupied for non-productive uses. For that reason the economic assessment of the investment must take into consideration a variety of parameters, such as land allocation, water prices, crop patterns and fresh water savings. The operating principles of the IFDM system are proposed here for a wider regional irrigation network (the E1 regional network of Agoulinitsa irrigation district in western Greece), upscaling to integrated regional drainage management. A simple methodology is proposed herein that estimates the net present value (NPV) of an IFDM system, requiring minimum input data. Firstly, the allocation of land to the different cultivation stages of the system is estimated according to a practical cropping pattern. The NPV of the investment can then be assessed, since the productive and non-productive land areas are defined. The implementation of an IFDM system could manage the disposal of untreated drainage water to the sea which currently pollutes the Gulf of Kyparrissia with substantial amounts of agrochemicals (Gotsis et al. ; Giakoumakis et al. ) .
METHODS

Allocation of agricultural land
The operating principle of an IFDM system is that drainage water is used for the successive irrigation of plants with Since the allocation of agricultural land to the IFDM stages is not standard, the acreage of each stage, the surface area of the evaporation pond and the required reservoir capacity must be estimated. The total acreage of the IFDM system is:
where ΣA i is the sum of the cultivation stages, A p is the surface area occupied by the evaporation pond, and ΣA r , i is the surface area occupied by the reservoirs.
In each cultivation stage i, the water used for irrigation (AW i ) derives from the drainage water collected from the previous cultivation stage (D i-1 ):
where D i-1 is the volume of drainage water collected from the iÀ1 zone which irrigates the zone i (m 3 ), d i-1 is the drainage water discharge (mm), A i-1 is the area occupied by each cultivation stage (ha). The land area A 0 is dedicated to plants sensitive to salinity. AW i is related to the crop water demand and the leaching fraction for each cultivation stage according to the following:
where ET i is the crop water demand (mm) and LF i is the leaching fraction in stage i. LF i is determined by the steady-state model described in FAO 29 (Ayers & Westcot ) . Soil salinity expressed as the electrical conductivity (EC) of the saturated soil paste EC e (dS m À1 ) is estimated from the salinity of the applied water with the use of a concentration factor (CF):
CF can be estimated from a 
where RY is the relative yield of the crop, a is the salinity threshold (expressed in dS m À1 ) and b is the rate at which relative crop yield declines with increasing salinity. Finally application water is estimated with the following equation:
The design 
where D (8) is transformed to the following:
where ET o is the potential reference evapotranspiration rate (Tanji et al. ) . Finally, the volume S i (m 3 ) of the reservoir in stage i, within a time range 1 to t is calculated according to the sequent peak method (Bayazit ):
where K it is the cumulative deficit for each month t (m 3 ), AW it is the water demand for the month t (m 3 ), E it is the evaporation from the free surface of the tank (m 3 ) and V it is the volume of drainage water collected in the area i during month t (m 3 ). When the volume S i is calculated, the surface area of the reservoir A r , i can also be estimated by dividing with the applicable depth.
Economic framework
The management of an IFDM system has a major restriction regarding the necessity to reduce the drainage outflows. The economic-technical analysis of the system is depressed by this restriction and, in distinction to other drainage water reuse practices, mixing drainage and fresh water is generally excluded. This is because the main objective of the IFDM system is the reduction of the drainage effluents. Coverage of agricultural land for non-marketable crops (halophytes) and also the evaporation ponds reduces the total profit from the land exploitation.
NPV is a useful tool to determine whether a project or investment will result in a net profit or a loss, due to its simplicity. The NPV of an IFDM system estimates the costs and benefits from the agricultural activity in the whole area A tot :
where Β i is the total net profit from every stage of cultivation (€), C i is the total operation cost in every stage (€), r is the annual interest, Β p is the total net profit from the exploitation of the evaporation pond (if it is possible) (€) and C p is the operation cost of the evaporation pond (€). C con is the installation cost of the IFDM infrastructure (€), T is the useful economic life of the IFDM system (years). The total net profit from every stage of cultivation is:
where Y i is the crop yield in stage i (kg·ha À1 ), np i is net profit from each cultivation (€· kg
À1
) and A i is the acreage covered by stage i (ha). From Equations (12) and (1) it is shown that the cost-effective region of the IFDM system is the total sum ΣA i which is reduced by the acreage of the reservoirs A r , i and the evaporation pond A p .
The operation cost in each A i subregion is: cotton is selected as it is a salt tolerant crop and commonly 
RESULTS AND DISCUSSION
The computation of the land allocation and the NPV, according to Equations (1)- (12), was made in Visual Basic. The results of the implementation are shown in Table 3 . According to this table, the A 0 stage occupies an area of 234.73 ha which represents 61.8% of A tot . The acreage of A 1 , A 2 and A 3 reuse zones is 89.64 ha, 32.20 ha and 11.89 ha, respectively. The evaporation pond occupies an area of 5.56 ha, which represents about 1.5% of the cultivated area. An estimated total acreage for the reservoirs is 5.14 ha which represents 1.4% of A tot . As a result, the total acreage of the non-productive stages covers 14.7% of the total region.
The NPV of the IFDM investment with the abovementioned features is equal to 3,080.87 €·10 3 . As a measure of comparison, the NPV of the E1 irrigation Under these conditions, the drainage discharges during the irrigation period are maximized, and a highly efficient, robust and costly IFDM system is required.
CONCLUSIONS
In this study the principles of the IFDM system are analyzed for a regional irrigation network. A simple methodology, requiring minimum input data, is presented that estimates the NPV of the investment. The methodology is then applied in the irrigation network E1 of Agoulinitsa in western Greece, a region in which the reuse of drainage water could manage the disposal problem. The economic analysis
showed that the reduction of the cultivated area and the cost of installing and operating the IFDM system cannot be compensated by the fresh water savings under the current water pricing. A loss of almost 30% of the NPV of the current network is estimated, which derives from the suspension of the agricultural land for non-productive uses and the change in the crops pattern. The sensitivity analysis showed that the NPV of the investment is disproportional to the volume of the drainage water that must be treated. Finally, for the network E1 of Agoulinitsa, the most viable solution is a comprehensive upgrade of the current irrigation and drainage network which could then implement an IFDM system. This option could maximize fresh water savings (coming from an updated irrigation network and the reuse of drainage water) and minimize the drainage effluents that must be treated. Under these conditions, the application of the IFDM system could eliminate the load of agrochemicals that is disposed of in the coastal environment.
